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Dimethylnitrosamine  (DMNA)  acts  as  a 
hepatic carcinogen (1)  and causes an inhibition of 
amino  acid  incorporation  into  rat  liver  protein 
,in vivo (2). The latter effect could also be demon- 
strated  (3)  in vitro using slices or the microsomal- 
soluble  fraction  prepared  from  livers  of  rats  as 
early as 3  hours  after  intravenous administration 
of  DMNA  (50 mg./kg,  body weight).  The lesion 
appeared  to  be  specific  in  so  far  as  respiration, 
glycolysis, and 2 microsomal-bound enzymes were 
not  affected  (3).  Inhibition of  amino acid  incor- 
poration  could  also  be  accomplished  in  liver 
slices  of  normal  rats  by  adding  DMNA  in  vitro 
(3).  On  account  of  indirect  evidence it was  sug- 
gested  (3)  that  DMNA  by  itself  was  not  toxic, 
but  that  it  was  converted  by  one  of  the  N-de- 
methylating  enzymes  of  liver  microsomes  to  a 
toxic  derivative;  i.e.  the  methylol  derivative  of 
DMNA  or  formaldehyde  liberated  therefrom, 
which  reacted  in  particular  with  susceptible 
groups  of  the  microsomes  and  thus  blocked  the 
amino  acid  incorporation  process.  The  present 
report  is concerned with  the  effect  of DMNA  on 
the fine structure of  liver cells in order  to find a 
possible  correlation  between  the  biochemical 
lesion  and  the  submicroscopic  organization  of 
the endoplasmic reticulum (ER). 
Methods 
Liver tissue was taken from rats of the inbred strain 
R-Amsterdam,  following  intravenous  administration 
of DMNA (conditions 1 and 2:3 to 4 hours after re- 
ceiving  50  and  100  mg.  DMNA/kg.  body  weight, 
respectively;  condition  3:18  to  20  hours  after  the 
latter  dose).  DMNA  was  dissolved  in  physiological 
saline and  the  rats were  injected with 0.1  or 0.2  ml. 
of this solution. Appropriate controls receiving saline 
only were  used  for  comparison.  At  least 3  rats  were 
used  to  study  each  condition and  several  specimen 
preparations  were  made  from  each  liver.  The  liver 
tissue was fixed in OsO4, 2 per cent in Michaelis buffer 
of  pH  7.2, dehydrated  in acetone,  and  embedded  in 
vestopal W.  Thin sections  were  cut  on the SjOstrand 
L.K.B. microtome with a glass knife. The sections were 
mounted  on  formvar  or  carbon  membranes and  ex- 
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amined with a  modified Philips 100 kv. electron micro- 
scope. 
OBSERVATIONS 
In condition 1 (3 to 4 hours after 50 rag. DMNA/ 
kg.  body  weight)  no morphological  change  could 
be observed  in nuclei, mitochondria, microbodies, 
or Golgi apparatus in any of  the liver cells. Next 
to ceils showing a  normal ER other cells, however, 
contained  cisternae  which,  instead  of  being 
flattened,  were  swollen,  thus  forming  larger 
profile, sacs, and vesicles (Fig.  1).  The ribonucleo- 
protein  (RNP)  particles  were  frequently  de- 
tached  from  the  membranes.  The  swollen  ER 
contained  material  of  low  electron  density  but 
occasionally  also  very  compact  osmiophilic 
granules,  normally  found  in  the  Golgi  zone  of 
liver cells of our rats. 
With  the  double dose  of DMNA  (condition 2) 
the  changes  in  the  ER  were  more  pronounced 
than  in  condition  1  (Fig.  2).  Many  smooth  sur- 
faced  sacs  and  vesicles  formed  a  complicated 
tubular  system  scattered  throughout  the  cells. 
Many  small  osmiophilic  granules  (100  m#) 
could be observed within these structures and the 
caveolae  formed  by  invagination  of  the  cell 
membrane and sometimes also in the extracellular 
space.  In  addition,  large  osmiophilic  inclusions 
(0.5  to 0.75 ~)  were present throughout the cyto- 
plasmic  matrix,  in  some  cases  partly  surrounded 
by  a  flattened  profile  of  agranular  ER  (Fig.  3). 
After  20  hours  (condition  3)  the  amount  and 
size  of  the  ER  vesicles  had  further  increased. 
Small and  medium sized  vesicles and large  vacu- 
oles  (2  g),  all  limited  by  smooth  membranes, 
occupied  the  entire  cytoplasmic  matrix  (Fig.  4), 
the  vacuoles  containing  a  thin  flocculent  pre- 
cipitate.  The  small  osmiophilic granules and  the 
larger  inclusions, the  latter  being  in  most  cases 
completely surrounded by agranular flattened  ER 
profiles, were more numerous than in condition 2. 
The osmiophilic granules and inclusions were iden- 
tiffed  as  lipoidal  in  character  by  virtue  of  their 
reaction  with  OsO4  and  the  solubility  of  their 
contents  following  acetone  dehydration  after 
KMnO4  fixation.  After  homogenization  of  the 
livers  in  sucrose and  centrifugation  at  105,000 g 394  BRIEF NOTES 
a  top  floating layer  was  obtained,  consisting of 
lipids and some protein, which in the case of the 
DMNA-treated rats was  increased by  at least 5 
times  its  weight  as  compared  with  the  controls. 
The  non-structurally-bound  large  osmiophilic 
inclusions  are  probably  contained  in  this  layer. 
Electron microscopical examination of  the micro- 
somal  pellet  prepared  from  the  homogenates  of 
the DMNA-treated livers has revealed that  (part 
of  ?)  the  small  osmiophilic  granules  were  still 
present in  the isolated vesicles; in addition larger 
vacuoles with a  smooth surface were also present 
in  the  microsomal  pellet  (Fig.  5).  Neither  the 
osmiophilic granules nor the  larger vacuoles were 
observed in the microsomal pellets prepared from 
the control livers. 
In  a  number  of  cells in  condition 3  enormous 
masses of ER of 2  distinct types were observed: 
(a) Pairs of ER membranes forming concentric or 
parallel arrays with RNP granules adhering to the 
external  surface  of  the  membranes  (for  lack  of 
space only  a  small part  is shown  in  Fig.  6).  (b) 
Very  elaborate masses of  closely packed parallel 
agranular  double  membranes  resembling  myelin 
figures (Figs. 6 and 7). It was possible to recognize 
a  continuity between  these  2  structures  (Figs.  6 
and 7). 
DISCUSSION 
Swelling (vacuolization) of the ER and detach- 
ment  of  RNP  particles was  the  first change  ob- 
served in the fine structure of hepatoparenchymal 
cells 3  hours after administration of 50  rag.  DM- 
NA/kg.  body weight  (condition  I).  This  change 
was  progressive  with  dose  and  time  (100  rag. 
DMNA/kg.  body  weight,  3  to  20  hours,  condi- 
tions  2  and  3).  Preliminary  experiments  have 
shown that the inhibition of amino acid incorpora- 
tion  into  the  microsomal  fraction  (3),  already 
apparent  in  condition  1,  was  further  increased 
in conditions 2 and 3. 
The  progressive  accumulation  of  lipoid  sub- 
stances  (conditions  2  and  3)  as  revealed  by  the 
present  study,  was  accompanied  by  glycogen 
depletion (condition 3)  and suggests that DMNA 
may  also  affect  the  carbohydrate  metabolism  of 
the liver cells, namely by favoring the conversion 
of glycogen to lipids. Preliminary support for the 
latter  view  has  been  obtained  by  tracer  experi- 
ments with uniformly  C~4-1abeled glucose.  Chem- 
ical analysis confirmed that in condition 3  glyco- 
gen  was  virtually  absent  from  the  livers  while 
their  cholesterol  content  was  increased  by  at 
least  50  per  cent.  All  the  biochemical  changes 
might  be  rdated  to  the  observed  change  in  tile 
ER,  since the latter is considered to  be involved 
in glycogen storage (4)  and, next to its important 
role  in  protein  synthesis,  contains  also  enzymes 
of  fatty  acid  and  cholesterol  synthesis. 
Next  to  these  general  changes,  an  extensive 
new  formation  of  granular  and  agranular  ER 
membranes  of  the  "fingerprint"  type  had  taken 
place in  some  cells in  condition 3.  Similar mem- 
brane formations have been observed in a  number 
of  tumors  (5-9),  in  spermatocytes  of  Ascaris 
(10),  in  virus-infected tumor  (I1),  and  in  testic- 
ular and parathyroid cells (12~ 13).  The  continu- 
ity  between  the  2  types of  membranes  has  also 
been  reported  in  an  ergastoplasmic "Nebenkern" 
in  rat  pituitary  tumor  (8,  9). 
It  should  be  pointed  out  that  in  conditions  1 
and  2  of the experiments neither the nuclear nor 
the  mitochondrial  morphology  was  changed.  In 
condition  3  nuclear  changes,  which  will  be  de- 
scribed later, were  observed  occasionally but  no 
specific changes  were  seen  in  the  mitochondria; 
mostly  they  appeared  normal  and  only  a  few 
showed  some  loss  of  internal  structure.  Unpub- 
lished experiments confirmed that,  in  contrast to 
a  recent report of Bailie and  Christie  (14), mito- 
chondrial  oxidative  function  was  not  impaired 
to  any  great  extent  in  condition  3.  Our  results, 
therefore,  allow  the  conclusion  that  the  prime 
effect  of  DMNA  is  exerted  on  the  ER.  In  this 
connection  it  is  of  interest  that  the  hepatocar- 
cinogen 3r-methyl-4-dimethylaminoazobenzene has 
been  reported  to  behave  similarly  (4),  and  that 
the related carcinogenic 4-methylaminoazobenzene 
has  been  found  to  induce,  like  DMNA,  an  in- 
hibition  of  amino  acid  incorporation  into  rat 
liver  protein  in  vitro (3). 
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EXPLANATION OF  PLATES 
PLATE 215 
FIG. 1.  Liver cell of rat 3 hours after administration of 10 rag.  DMNA.  An area of cytoplasm containing some 
mitochondria (M) and enlarged profiles of endoplasmic reticulum  (ER)  of circular, oval, and elongated form  fre- 
quently with a  smooth  surface  and containing some small  osmiophilic  (lipid)  granules.  At  the bottom  (left) 
swollen  membranes with  attached  and  loose  (-~)  particles.  The  pale  faintly  granular  background  represents 
glycogen. X  58,000. 
FlC.  2.  Liver cell of rat 3 hours after administration of 20 mg.  DMNA.  Numerous smooth surfaced vesicles 
and tubules containing small lipid granules  (---~). Mitochondria, a  microbody  (m),  and part of a  large lipid in- 
clusion are visible. X  52,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PI,ATE  215 
VOL. 7 
(Emmelot and Benedetti: Fine structure of rat liver cells) PLATE  216 
F~G. 3.  Liver cell of rat 3 hours after administration of 20 rag. DMNA.  Some ER profiles of tubular form con- 
taining small lipid granules  (--+).  Many  large lipid inclusions  (F)  surrounded  by flattened  smooth surfaced  ER. 
Mitochondria  (~'1¢) and glycogen (G).  X  56,000. 
FIG. 4.  Liver cell of rat 20 hours after administration of 20 rag. DMNA.  The cytoplasm is occupied by vacuoles 
(a big one  (V) and a  smaller one  (E))  of  different  sizes  limited  by  smooth  surfaced  membranes.  The  smaller 
structures  contain  lipid  granules  (--~)  and  communicate  with  the  larger  vacuoles.  Dense  ribonucleoprotein 
particles  are scattered  in  the cytoplasmic  matrix.  Mitochondria,  microbodies  (m), and a  large lipid inclusion  (F) 
can be seen.  X  56,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  216 
VOL. 7 
(Emmelot  and Benedetti:  Fine structure of rat liver cells) PLATE 217 
Fw,  s.  5 a  and b.  Microscmal pellet prepared from an homogenate of liver  19 hours after administration of 2l 
rag.  DMNA.  After homogenization in 0.25  i  sucrose, nuclei and mitochvndria were removed by centrifugation 
during  20  minutes at  20,000  g.  Microsomes were spun  down  at  105,000  g  during  60  minutes at  0°C.  Micro- 
s~mal vesicles containing small  lipid granules  (-%  Fig.  5 a)  and  larger vacuoles limited  by smooth  membranes 
(Fig. 5 b).  X  56,000. 
FiG.  6.  Liver cell of rat  20  hours after administration  of 20  rag.  DMNA.  At  the left parallel-packed double 
membranes are seen which appear to be continuous (--~) with ER membranes with attached  electron-opaque par- 
ticles. The nuclear double membrane and part of the nucleus (N) is visible at the right. X  80,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  217 
VOL.  7 
(Emmelot and Benedetti: Fine structure of rat liver cells) PLATE 218 
FIG.  7.  Liver cell of rat  20 hours after administration of 20 rag.  DMNA.  A  large ellipsoidal body  consisting 
of an  elaborate mass of double membranes very closely packed  together (bottom)  communicating with  a  corn 
plicated tubular system (center) and some ER membranes with attached  (-~) particles. A  microbody (m)  and a 
large lipid inclusion are contained in  these structures,  which seem to be continuous with the ER vacuoles  (E). 
X  30,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  218 
VOL.  7 
(Fmmelot and Benedetti: Fine structure of rat liver cells) 